The incidence of carbapenem-resistant Enterobacteriaceae (CRE) infections is increasing, and these infections are associated with both morbidity and mortality. However, little is known about CRE infections in children. This article is a case report describing a 4-month-old boy with Langerhans histiocytosis who developed septic shock due to a CRE infection. The mechanism of carbapenem resistance was identified as AmpC β-lactamase hyperproduction with porin loss. The patient was treated with antibiotics, volume resuscitation, and vasopressors; however, he died of multiorgan failure due to CRE infection. Clinicians should be aware of the prevalence of CRE and the importance of prevention strategies against infection with multidrug-resistant bacteria, even in pediatric populations.
Introduction
The emergence of carbapenem-resistant Enterobacteriaceae (CRE) has become a worldwide problem, [1] and CRE infections are associated with significant morbidity and mortality. [2] The mechanisms of developing resistance to carbapenems include the production of carbapenemase or metallo-β-lactamase and the combination of β-lactamase hyperproduction with porin loss. [3] In children, especially infants, the previously reported mechanisms of carbapenem resistance were almost exclusively carbapenemase and metallo-β-lactamase production; reports of β-lactamase hyperproduction with porin loss are quite limited. [4] Here, we report the case of a 4-month-old boy whose blood cultures revealed CRE with carbapenem resistance due to AmpC β-lactamase hyperproduction with porin loss.
Case Report
In another hospital, a boy with a rash and low activity 7 days after birth was administered ampicillin and cefotaxime for 2 weeks as treatment for sepsis. When the patient was 1 month of age, he was admitted to our hospital for the treatment of rash and fever. He was treated for This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms.
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For reprints contact: reprints@medknow.com sepsis with cefotaxime, vancomycin, and acyclovir. On day 2, cytomegalovirus DNA was detected in his urine, blood, and cerebrospinal fluid, so ganciclovir was added to his treatments. Following these treatments, cytomegalovirus DNA was no longer detected. On day 15, the ganciclovir administration was discontinued due to severe pancytopenia. On day 40, the patient had a neutropenic fever, so he was given piperacillin/tazobactam from day 40 to day 50. On day 47, he was diagnosed by skin biopsy as having Langerhans histiocytosis. He received chemotherapy from day 57. However, after receiving chemotherapy, he developed another neutropenic fever, so he was treated with meropenem. On day 80, he developed a neutropenic fever again, with hypotensive shock. He was treated with volume resuscitation and a vasopressor, and vancomycin was added to his treatments. Blood cultures revealed carbapenem-resistant Enterobacter aerogenes. Based on susceptibility testing results [ Table 1 ], ciprofloxacin was added to the patient's treatment. On day 84, he died of multiorgan failure secondary to sepsis of E. aerogenes.
The results of susceptibility testing are shown in Table 1 . Mean inhibitory concentrations were determined using disk diffusion methodology. The clinical isolates exhibited resistance to imipenem and meropenem and were also resistant to penicillin and cephalosporin. The cultures had positive results in an AmpC disk test, [5] but test results from carba NP, [5] carbapenemase polymerase chain reaction (PCR), [6] and plasmid-mediated AmpC β-lactamase PCR [7] were all negative. In addition, PCR tests for extended-spectrum β-lactamase (ESBL) genes, including TEM, SHV, OXA, and CTX-M, [6] were also negative. An electrophoretic analysis of Omps was performed using urea/sodium dodecyl sulfate-polyacrylamide gel electrophoresis, [8] which revealed that the levels of OmpC and OmpF significantly decreased. The 16S rRNA gene sequence was a 100% match to E. aerogenes (1369/1369 bp).
Discussion
Mechanisms of carbapenem resistance include the production of carbapenemase and/or metallo-β-lactamase and the hyperproduction of AmpC or ESBL with porin loss. There are a few studies about CRE infections in children. [4] The patient in this case was a 4-month-old infant. The 16S rRNA gene sequence from blood culture matched E. aerogenes, and the AmpC disk test results were positive. However, the results of a plasmid-mediated AmpC β-lactamase PCR were negative. PCR tests for the known carbapenemase-resistant genes of ESBL and carbapenemase were also negative. The levels of OmpC and OmpF significantly decreased. Thus, we considered the mechanism of carbapenem resistance to be chromosomal AmpC β-lactamase hyperproduction with porin loss.
It has been reported that risk factors of CRE infection in children are the same as those in adults and include long-term hospital care, previous antibiotics use, and an immune-compromised condition. [4] From India, it was reported that, in children, risk factors for mortality from bloodstream infections of CRE, which mostly had carbapenemase production as their mechanism of carbapenem resistance, include intensive care admission, intubation, inotropic support, and respiratory failure. [9] In the present case, the patient had multiple risk factors for CRE infection, specifically immune-compromised condition due to Langerhans histiocytosis and chemotherapy, long-term health care, and repeated prior exposure to broad-spectrum antibiotics, such as piperacillin/tazobactam and meropenem, due to febrile neutropenia. The patient subsequently died from sepsis caused by CRE infection, and he had risk factors for mortality from CRE infection that was identical to those of a previous report, including intensive care admission, intubation, and inotropic support. However, in contrast to the previously reported case, the mechanism of carbapenem resistance of the CRE in this case was different; it was determined to be AmpC hyperproduction with porin loss.
Current treatment options for CRE infection include tigecycline and colistin. [10] Tigecycline is contraindicated in children who are <8 years of age due to tooth discoloration and enamel hypoplasia. In addition, the pharmacokinetic and clinical data of tigecycline and colistin in children are quite limited. Previously, it was reported that treatment combinations composed of two or three effective antibiotics had lower mortality rates. [10] The patient in the present case received ciprofloxacin based on the results of antibiotic susceptibility tests; in spite of this treatment, he died from multiorgan failure due to CRE infection. The outcome may have been different if the patient had received combination therapy including colistin or tigecycline. Children are less likely to receive broad-spectrum antibiotics compared with adults; however, for cases with potential risk factors for CRE infection, such as long-term hospital care and prior antibiotic use, it is important to consider the possibility of infection due to CRE. Even in children, the administration of broad-spectrum antibiotics can cause the development of carbapenem resistance, including the acquisition of AmpC or ESBL enzymes with porin loss. Infection control and prevention strategies for antimicrobial drug resistance need to be emphasized. 
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